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Summary
Tissues from nine ferrets with granulomatous lesions similar to those seen in feline infectious peritonitis were ex-
amined histopathologically and immunohistochemically. Four main types of lesions were observed: di¡use gran-
ulomatous in£ammation on serosal surfaces; granulomaswith areas of necrosis; granulomaswithout necrosis; and
granulomas with neutrophils. Other less commonly seen lesions were granulomatous necrotizing vasculitis and
endogenous lipid pneumonia. FCV3-70 monoclonal antibody produced immunolabelling of group1coronavirus
antigen in tissue samples from eight animals, the antigen being present in the cytoplasm of macrophages in the
di¡erent types of granulomatous lesions.

r 2007 Elsevier Ltd. All rights reserved.
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Introduction

Feline infectious peritonitis (FIP) is a common and
fatal disease in cats and some non-domestic felids,
caused by the feline coronavirus (FCoV) (Wack, 2003;
Hartmann, 2005).This virus is included in the Corona-
viridae family, a group of enveloped positive-stranded
RNAviruses. FCoV belongs to group1, which includes
human coronavirus strain 229E, porcine transmissible
gastroenteritis virus, canine coronavirus, porcine epi-
demic diarrhoea virus and ferret enteric coronavirus
(FECV) (Wise et al., 2006).
Over the past few decades, ferrets (Mustela putorius

furo) have become popular in the exotic pet trade.
These animals usually share their habitat with other
domestic animals and are therefore at risk of being in-
fected with viral diseases, such as canine distemper or
rabies (Brown, 2004). Recently, clinicians in the Barce-
lona area reported domestic ferrets with clinical signs
front matter
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and visceral lesions similar to those in cats with FIP.
In 2004^5, tissues from ferrets a¡ected by this novel
disease were submitted to our laboratory. Some showed
granulomatous lesions similar to those produced by
FCoV in felids, and in some tissues FCoV virus-like
antigenwas detected (Mart|¤ nez et al., 2006).
The purpose of this retrospective study was to

characterize these granulomatous lesions and to
demonstrate group 1 coronavirus antigen by immuno-
histochemical methods.
Materials and Methods

Samples

Para⁄n wax-embedded tissues obtained in 2004^5
from nine ferrets (nos1^9;Table1) with granulomatous
lesions were selected from the archive of the Pathology
Diagnostic Service, Facultat deVeterinaØ ria, Universitat
AutoØ noma de Barcelona. Because it was not possible to
collect every tissue from each ferret, the samples con-
sisted of kidney (n ¼ 8), spleen (7), lung (6), lymph node
r 2007 Elsevier Ltd. All rights reserved.
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Table 1
Immunohistochemical examination of tissues from a¡ected ferrets

Immunohistochemical results in

Ferret no. kidney spleen lung lymph node intestine liver heart pancreas adrenal gland

1 � � � + � N N N N
2 � N N + N N N N N
3 + N N N N N N N +
4 � � � � � � � N N
5 � � + N � + + N N
6 � + � + + + N N N
7 + � + + N � � + N
8 � � � � � � � + N
9 N + N N N N N N N

+, Positive; ^, negative; N, no available tissue.
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(5), intestine (5), liver (5), heart (4), pancreas (2) and
adrenal gland (1) (Table1).

Histopathology

Sections (4 mm) were cut from each tissue and stained
with haematoxylin and eosin (HE). Granulomatous
lesions were classi¢ed as proposed by Kipar et al.
(1998a), with oneminormodi¢cation, namely the addi-
tion of a new category of lesion (granuloma with neu-
trophils), described below. Additional sections were
stained by the Ziehl^Neelsen, periodic acid-Schi¡
(PAS) andWarthin^Starrymethods to exclude aetiolo-
gical agents such as mycobacteria, other bacteria
(includingHelicobacter spp.), and fungal organisms.

Immunohistochemistry (IHC)

FCV3-70 monoclonal antibody (Custom Monoclonal
Internationals,West Sacramento, CA, USA) was used
to detect FCoV by the peroxidise-anti-peroxidase
method described by Kipar et al. (1998a), positive and
negative control tissues being included.

Results

Clinical Observations

The ferrets consisted of ¢ve males and four females,
aged 4^24 months. All were privately owned and kept
indoors. One was in contact with cats and four were
housed with other ferrets. Clinical signs, which
were non-speci¢c, included diarrhoea, hind-limb
weakness, anorexia and weight loss. Enlarged lymph
nodes, splenomegaly, anaemia and hypergammaglo-
bulinaemia were also present. Aleutian disease serol-
ogy (Quickcheks ADV, Avecon Diagnostics, Bath,
PA, USA) was negative in all cases. Treatment with
corticosteroids, antibiotics and supportive care was un-
successful and all animals eventually died or were
humanely destroyed. Post-mortem examination was
conducted by the clinician, who then submitted
samples in formalin to the laboratory.

Immunohistochemical and Histopathological Findings

Various tissues from eight of the nine ferrets were
positive by IHC for coronavirus antigen. Positive label-
lingwas representedbya granular cytoplasmic precipi-
tate in macrophages in the granulomatous lesions
(Fig. 1a, b). The numbers of positive tissues were
as follows: lymph node (4 animals), kidney (2), spleen
(2), lung (2), liver (2), pancreas (2), intestine (1), heart
(1), and adrenal gland (1) (Table1).
In the eight IHC-positive animals, the granuloma-

tous lesions were variable. According to their cellular
composition and distribution, the lesions were classi-
¢ed as: di¡use granulomatous in£ammation on serosal
surfaces; granulomas with areas of necrosis; granulo-
mas without necrosis; granulomas with neutrophils.
Di¡use granulomatous in£ammation on serosal sur-

faces was mainly observed in tissue from lymph nodes
(5 animals) and intestine (3), and occasionally in
kidney (1) and heart (1). It consisted of a moderate-to-
severe in£ammatory in¢ltrate composed mainly of
macrophages, with a few lymphoplasmacytic cells, ac-
companied by destruction of mesothelial cells and ex-
tension into the surrounding adipose tissue. In some
cases, the serosal surfaces were covered with layers of
precipitated exudate containing numerous small gran-
ulomas. In the lymph nodes, this exudatewas generally
accompanied by a ¢broblastic proliferation; in the in-
testine, underlying muscle ¢bres and submucosa were
occasionally a¡ected, and in the heart the in¢ltration
extended into large areas of the myocardium. Corona-
virus antigen, restricted to a small number of in¢ltrat-
ingmacrophages, was observed inmost of these lesions.
Granulomas with areas of necrosis were restricted

principally to serosa and the parenchyma of lymph
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Fig. 1a,b. Lung of ferret naturally infected by coronavirus. (a) Accumulation of macrophages, intermingled with lymphoplasmacytic cells,
consituting histiocytic in£ammation. HE. (b) Some macrophages show positive labelling for coronavirus antigen, consisting of a
granular precipitate in the cytoplasm. IHC. Bars, 25 mm.

Fig. 2a,b. Lymph node of ferret naturally infected by coronavirus. (a) Granuloma without necrosis, showing centre composed of macro-
phages surrounded by lymphoplasmacytic cells. HE. (b) Coronavirus antigen is present in some macrophages in the centre of
the granuloma. IHC. Bars, 50 mm.
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nodes (4 animals). In one case this type of granuloma
was found in the pancreatic parenchyma. A large area
of central necrosis was surrounded by a small rim of
macrophages and a thin layer of lymphoplasmacytic
cells. In two lymph nodes (ferrets nos 2 and 6), patchy
liquefactive necrosis was accompanied by small accu-
mulations of cholesterol crystals and foamy macro-
phages. In most cases viral antigen was detected, but
usually in only small numbers of macrophages.
Granulomas without necrosis were observed in the

spleen (3 animals), lymph nodes (2) lung (1), pancreas
(1), Peyer’s patches (1) and omentum (1).These granulo-
mas were small, with a core of macrophages sur-
rounded by a broad rim of lymphoplasmacytic cells
(Fig. 2a). Focal, moderate accumulations of connective
tissuewere observed in three tissue samples from spleen
and one lung tissue sample. In the omentum, some of
these granulomas were seen to be adjacent to vessels.
In most of the granulomas, viral antigen was observed
in a large number of macrophages (Fig. 2b).
Granulomas with neutrophils were found in various

organs including kidney (2 animals), spleen (1), lung (1),
lymph node (1), liver (1), and adrenal gland (1).The cen-
tre of each granuloma contained a large accumulation
of neutrophils, surrounded by a thick layer of macro-
phages and lymphoplasmacytic cells (Fig. 3a). In the
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Fig. 3a,b. Spleen of ferret naturally infected by coronavirus. (a) Granuloma with neutrophils. Large accumulation of neutrophils in the
centre, surrounded by a broad rim of macrophages and lymphoplasmacytic cells. HE. (b) Coronavirus antigen present in a mod-
erate number of macrophages surrounding neutrophils. IHC. Bars, 50 mm.
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renal cortex and lungs, the granulomas were numerous
and con£uent. Numerous IHC-positive macrophages
were seen in most of the lesions (Fig. 3b).
Other lesions were observed less frequently. Granu-

lomatous necrotizing vasculitis was seen within a dif-
fuse granulomatous reaction in the serosa of one
lymphnode, anda fewmacrophages containedcorona-
virus antigen. In addition, focal perivascular lympho-
plasmacytic in¢ltrateswere detected in the omentumof
the intestine, but no viral antigen was detected.
Finally, together with other granulomatous lesions in

other organs, lung tissue showedevidence of endogenous
lipid pneumonia in two ferrets (nos 1 and 5). It varied
from mild, with a patchy subpleural distribution, to se-
vere, with di¡use alveolar accumulation of cholesterol
crystals and foamy macrophages, intermingled with
normal macrophages, lymphoplasmacytic cells and
¢brosis. Immunohistochemical labelling was positive in
a small number of macrophages in the lesions of ferret 5.
No coronavirus antigen was detected in any tissue

from ferret 4. However, the microscopical lesions seen
in this animal were similar to those observed in the
other eight ferrets, namely small granulomas without
necrosis in the spleen and a di¡use granulomatous re-
action on the serosa of the lymph node.
No evidence of other possible pathogenic agents was

observed with Ziehl^Neelsen, PAS orWarthin^Starry
stains.
Discussion

The FCV3-70 monoclonal antibody used to detect
group 1 coronavirus antigen, and the criteria used to
classify the granulomatous lesions, were basically the
same as those previously used in cats (Kipar et al.,
1998a). Eight of the nine ferrets showed coronavirus
antigen in at least one of the tissues examined.
The histological lesions were closely similar to those

described in cats with FIP, but three features merit com-
ment. (1) The number of neutrophils among in¢ltrating
cells in necrotizing lesions incats havebeen foundtovary
greatly between studies (Kipar et al., 1998a; Berg et al.,
2006), whereas when neutrophils occurred in the present
study they were always abundant. As a result of this ob-
servation, a new granuloma category was established,
namely granulomas with neutrophils.This suggests that
neutrophils may have an important pathogenic role in
ferrets. (2) Endogenous lipidpneumonia (alveolar histio-
cytosis) was observed in lung samples from two ferrets.
Additionally, granulomatous in£ammationwith necrosis
and lipid accumulation was seen in the lymph nodes
of two other ferrets. In three of these four cases, IHC
revealed viral antigen in macrophages associated with
these lesions. Despite the small number of animals with
such lesions, these observations may indicate that some
ferrets have a natural predisposition to develop granulo-
matous lesions with accumulation of lipids, not necessa-
rily associated with coronavirus infection. Consistent
with this interpretation, endogenous lipid pneumonia
hasbeen related to a non-speci¢c response to injury com-
pounded by as yet unknown inherent species-dependent
factors (Dungworth,1993). (3) Granulomatous necrotiz-
ing vasculitis was observed less frequently than in cats.
It is possible, however, that the granulomatous lesions
were so extensive and severe in the ferrets that the vascu-
lar structures could not be detected.
The FCoV-like antigen distribution andthe percentage

of a¡ected animals showing positive immunolabelling
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resembled these features as reported in catswith FIP, par-
ticularly with regard to necrotic granulomas, which
usually showed a large area of necrosis, FCoV antigen
being restricted to a few macrophages. Possibly, unla-
belled macrophages contained only minimal amounts of
virus, or reduced numbers of macrophages decreased the
likelihood of detecting viral antigen (Kipar et al.,1998a).
It should be emphasized that, as in cats, the di¡erent

types of lesion previously described and the viral anti-
gen expression variedwithin the same animal and even
within the same organ. It has been hypothesized that
recurrent bouts of monocyte-associated viraemia with
development of new lesions in each viraemic phase is
responsible for this variation (Kipar et al., 2005). Such
a hypothesis might explain the negative IHC results in
ferret 4, in which lesions consistent with coronavirus
infection were observed. In our opinion, because this
animal hadprobably su¡ered previousbouts of corona-
virus viraemia, the quantity of virus present was mini-
mal in the ¢nal stage of the disease when the animal
was killed. Studies on FIP suggested that the examina-
tion of manymore granulomatous tissue sectionsmight
have revealed occasional antigen-positive macro-
phages in occasional granulomas.
In cats with FIP, coronavirus antigen has been de-

monstrated by immuno£uorescence or immunohisto-
chemistry (Pedersen and Boyle, 1980; Tammer et al.,
1995). In the present study, the primary antibody used
for IHC was FCV3-70, which is known to react with
feline, canine, porcine and ferret coronaviruses (Kipar
et al.,1998a,b;Williams et al., 2000). Canine and porcine
coronavirus have not been reported to produce granu-
lomatous lesions in heterologous species and FECVhas
been reported to produce epizootic catarrhal enteritis
in only one such species, namely the ferret (Williams
et al., 2000; Wise et al., 2006). There would seem to be
three possible explanations for the presence of corona-
virus antigen in the granulomatous lesions described in
this report: an infectionby FCoV; an infectionby amu-
tated FECV (as in the case of FCoV in cats); or infec-
tion by an unknown coronavirus. Further research is
therefore required to clarify the type of coronavirus re-
sponsible for the appearance of these lesions in ferrets.
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